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The isolation of high-quality RNA from fruit tissues is often difﬁcult due to the abundance of polysaccharides, phenolics and other metabolites
that can negatively affect both the quality and yield of isolated RNA. Here, we describe several modiﬁcations to an existing method that can be
used to isolate RNA from the pulp of several different fruits that contain large amounts of metabolites. This method, in contrast to other extraction
protocols tested, was successfully used to extract large quantities of high-quality total RNA from two developmental stages in all species tested, as
assayed by spectrophotometry and electrophoresis on denaturing agarose gels. This RNA was also suitable for use in downstream applications such
as reverse transcription-polymerase chain reaction and real-time quantitative RT-PCR. The method described here could likely be used for studying
gene expression during the development and ripening of a wide variety of fruit tissues, especially in cases where other methods fail to yield suitable
RNA.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.
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The isolation of high-quality RNA is essential for multiple
techniques used to study gene expression during fruit development
and ripening, such as reverse transcription polymerase chain
reaction (RT-PCR), cDNA library construction, and Northern
blotting. However, extracting RNA from certain fruits can be
difficult due to the abundance of metabolites that negatively affect
the extraction process, particularly polysaccharides and phenolic
compounds (Asif et al., 2006). This is especially true for mature
preclimacteric and postclimacteric fruit tissues, in which the
biosynthesis of these compounds is known to vary during
maturation and ripening (Gasic et al., 2004). These two classes of⁎ Corresponding author at: Unidad de Postcosecha, Instituto de Investigaciones
Agropecuarias (INIA—La Platina), Casilla 439/3, Santiago, Chile. Tel.: +56 2
5779161; fax: +56 2 5779104.
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0254-6299/$ -see front matter © 2012 SAAB. Published by Elsevier B.V. All right
http://dx.doi.org/10.1016/j.sajb.2012.08.004metabolites interfere with RNA isolation in different ways.
Phenolic compounds are readily oxidized to form covalently
linked quinones (Gehrig et al., 2000), which can irreversibly bind
proteins and nucleic acids to form high-molecular-weight com-
plexes. Polysaccharides, on the other hand, tend to co-precipitate
with RNA (Iandolino et al., 2004). Both of these processes can
render RNA unsuitable for downstream procedures such as reverse
transcription and cDNA library construction (Salzman et al., 1999).
Several protocols are available for the isolation of RNA
from plant species that are rich in polyphenolics or poly-
saccharides (Chang et al., 1993; Chomczynski and Sacchi,
1987; Kiefer et al., 2000; Wan and Wilkins, 1994; Zeng and
Yang, 2002). However, these methods were developed for use
on specific plant tissues, and most do not produce high-quality
RNA or enough quantity when applied to other tissues, such as
fruit pulp. Additionally, there are currently no commercially
available kits that efficiently extract RNA from all fruit tissues
because the efficiency of the spin columns used in these kits
decreases significantly in the presence of polysaccharide
contamination (Wang and Stegemann, 2010).s reserved.
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(Wan and Wilkins, 1994) that can be used to efficiently isolate
total RNA from the pulp of several kinds of fruit with a wide
range of polysaccharides, oil and total phenolic contents. This
protocol produces total RNA of both high quality and yield that
is suitable for use in downstream transcriptional applications,
and it is potentially widely applicable to other plant species and
tissues in which RNA isolation is difficult to achieve.
2. Materials and methods
2.1. Plant material
RNA was isolated from the pulp of peach (Prunus persica L
cv. ‘O'Henry’), grape (Vitis vinifera cv. ‘Thompson Seedless’),
avocado (Persea americana Mill cv. ‘Hass’) and cherimoya
(Annona cherimola cv. ‘Concha lisa’) fruits at two different
developmental or ripening stages for each. Avocado and cheri-
moya fruits were harvested at an unripe stage and immediately
transported to the laboratory for characterization; they were
subsequently allowed to ripen at 20 °C (shelf life) to reach a
ready to eat stage. Peach fruits were harvested at both unripe
and ripe stages. Grape berries were collected at two different
developmental stages: pre-veraison and post-veraison. All fruit
pulp samples were sliced, immediately frozen in liquid nitrogen
and stored at −80 °C until further analysis.
2.2. Maturity parameters
Fruit maturity analyses were performed immediately after
harvest and following the shelf life period. Flesh firmness of peach,
avocado and cherimoya fruits was measured using a penetrometer
(Effegi, Milan, Italy) equipped with an 8-mm plunger tip, and
measurements are expressed in Newtons (N). Flesh firmness of the
grape berries was measured using a Firmtech II fruit firmness
tester, and measurements are expressed in g mm−1. Total soluble
solid (TSS) levels in peach, grape and cherimoya fruits were
measured using a temperature-compensated refractometer (ATC-
1e, Atago, Tokyo, Japan), and measurements are expressed as a
percentage of total solids. Oil content of the avocado fruit was
measured by drying samples in an oven at 105 °C until the weight
remained constant as described by Lee et al. (1983).
2.3. RNA extraction
For each sample, 3 g of frozen fruit tissue was ground to a
fine powder in liquid nitrogen using a mortar and pestle and
transferred to a 50 mL Oak Ridge tube containing 15 mL of
prewarmed extraction buffer at 80 °C, which consisted of
the following: 200 mM sodium borate decahydrate (Borax)
pH 9.0, 30 mM ethylene glycol bis(β-aminoethyl ether)-N,N′-
tetraacetic acid (EGTA), 1% (w/v) sodium dodecyl sulfate
(SDS), 1% (w/v) sodium deoxycholate, 0.5% (v/v) Nonidet-40,
2% β-mercaptoethanol (added just before use) and either 2%
polyethylene glycol (20,000 MW), for peach, cherimoya
and avocado fruits, or polyvinylpyrrolidone (360,000 MW)
(for grape berries). All solutions were prepared using watertreated with diethylpyrocarbonate (DEPC). Extracts were
mixed by vortexing and incubated at 42 °C in a water bath with
agitation for 1 h. A 0.08 volume of 2 M potassium chloride was
added to each homogenate, and samples were chilled on ice for
30 min with agitation. The mixtures were centrifuged at 12,000 g
for 20 min at 4 °C and the supernatants were transferred to clean
Oak Ridge tubes containing an equal volume of 4 M lithium
chloride. The samples were mixed by inversion and stored
overnight at 4 °C to allow for RNA precipitation. RNA was
recovered by centrifugation at 20,000 g for 40 min at 4 °C.
Supernatant solutions were discarded, and the pellets were
dissolved in 500 μL of DEPC-treated water and 50 μL of 3 M
sodium acetate. The suspensions were transferred to 2 mL
microfuge tubes and an equal volume of chloroform–isoamyl
alcohol (1:1, v/v) was added to each tube. The samples were
immediately vortexed for 1 min and then centrifuged at
maximum speed for 5 min at 4 °C to achieve phase separation.
The upper aqueous phases were collected and transferred to fresh
2 mL microfuge tubes. A volume of 400 μL of DEPC-treated
water was added to each remaining organic phase; these samples
were then vortexed for 1 min followed by centrifugation at
maximum speed for 5 min at 4 °C. The upper aqueous phases
were combined with the previously collected aqueous phases,
and the RNAwas precipitated by the addition of an equal volume
of isopropanol and 30 μL of 3 M sodium acetate to each sample.
The mixtures were incubated on ice for 1 h, and the RNA was
recovered by centrifugation at maximum speed for 40 min at
4 °C. The supernatants were discarded, and the pellets were
washed with 400 μL of 80% ethanol followed by an air-drying
step for 5 min. The RNA pellets were dissolved in 30 μL
DEPC-treated water and stored at −80 °C. Three independent
RNA isolations for each sample were carried out to determine the
reproducibility of the protocol.2.4. RNA analysis
The concentrations and quality of the isolated total RNA
samples were assayed using a spectrophotometer by measuring
their absorbance at 230, 260, and 280 nm. Contamination of
the samples by protein and polysaccharides/phenolic com-
pounds was measured as the ratio of the A260/A280 and A260/
A230 absorbances, respectively. The integrity of total RNA
samples was assayed using electrophoresis on 1.6% denaturing
formaldehyde agarose gels as described in Sambrook et al.
(1989).2.5. Reverse transcription polymerase chain reaction (RT-PCR)
First-strand cDNA templates were synthesized using 2 μg
total RNA, oligo(dT)15 primer, and the MMLV-RT reverse
transcriptase (Promega, Madison, USA) according to the
manufacturer's instructions. To demonstrate that the RNA
was suitable for downstream applications, RT-PCR reactions
were carried out using the gene-specific primers listed in
Table 1.
Table 1
Forward (F) and reverse (R) nucleotide sequence of primers used for RT-PCR and qPCR amplifications for actin, endo-polygalacturonase (endoPG) and rubisco
(RUB) of avocado; actin, rhamnogalacturonase (RG) and 18S ribosomal of cherimoya; actin, endo-polygalacturonase (endoPG) and elongation factor (EFIα) of
grape; and endo-polygalacturonase (endoPG) and 26S ribosomal of peach.
Fruit Gene Primer sequence (5′→3′) Melting temperature (°C) Size of amplicon (bp) GenBank accession number
Primers used for RT-PCR
Avocado Actin F: CGTTGCCCAGAGGTCCTATTT
R: AAGTGCTGAGGGATGCCAAGA
58 289 JN786942
Cherimoya Actin F: AAGGCCGAGTATGATGAGTCT
R: GGATGATGGCACGGTCTCCT
58 353 JN786945
Grape Actin F: ATGTGCCTGCCATGTATGTT
R: AACTGCTCTTGGCAGTCTCC
56 318 AF369525
Peach 26S F: AACGCAGGTGTCCTAAGATGAG
R: GCTGCCACAAGCCAGTTATCC
64 194 AF003997
Primers used for qPCR
Avocado endoPG F: TTTGAGAAGGCTTGGAAGGACG
R: GAAGGTTAGAGCCGTAGGTGC
64 327 X66426
RUB a F: GCCCCATGGCATCCAAGTTGA
R: TCCTTTGATTTCACCTGTTTCGG
62 259 AY337727
Cherimoya RG F: GAAGGTTCTGTTATTGACTTGGG
R: ATGTGTTATTACCTATCTTCCTGG
64 298 JN786946
18S a F: CCTGAGAAACGGCTACCACATC 60 253 AY819054
R: CATCCCAAGGTCCAACTACGAG
Grape endoPG F: AAGCCGTGAGACTGAGAACTGG
R: TGGGTCATATCGTTACTGTAGGC
64 315 AY043233
EFIα a F: AGGATGGACAAACCCGTGAG
R: TTTGTCCCCATCTCTGGCTT
58 202 XM_002284888
Peach endoPG F: AACCGTAGAAGCCTCTTT
R: AACCCTGACACCTTGCATTT
56 558 JN786943
26S a F: AACGCAGGTGTCCTAAGATGAG
R: GCTGCCACAAGCCAGTTATCC
64 194 AF003997
a Housekeeping genes.
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qPCR reactions were performed using LightCycler DNA
Master SYBR Green I (Roche Diagnostics) with a LightCycler
real-time PCR system (RocheDiagnostics,Mannheim, Germany),
using the first-strand cDNA as template. qPCR reactions were
carried out under the following conditions: an initial template
denaturation and “hot start” step at 95 °C for 10 min, followed by
45 three-step cycles of template denaturation at 95 °C with a 2 s
hold, primer annealing at 56–64 °C for 15 s, and extension at
72 °C for 25 s. Fluorescence measurements were collected after
each extension step. At the end of each program, specificity of the
primer sets was confirmed by melting curve analysis consisting of
the following steps: samples were heated to 95 °C with a 0 s hold,
cooled to 56–64 °C with a 15 s hold, and finally raised to 95 °C
with a 0.1 °C s−1 temperature transition rate while continuously
monitoring the fluorescence. All other steps were performed with
a 20 °C s−1 transition rate. The copy number of each gene was
estimated by carrying out qPCR analysis on a dilution series
(101 to 102 pg μL−1) of a plasmid bearing the fragment to
amplify that served for the estimation of copy number in total
cDNA. All gene-specific and housekeeping primers used for
qPCR analyses are listed in Table 1. Housekeeping gene analyses
were used as internal controls to normalize for differences in
template amount between replicates. For each sample type, threedifferent RNA isolations and cDNA synthesis reactions were
analyzed by qPCR. Expression values are expressed as a ratio
relative to the fruit at the unripe (for avocado, cherimoya and
peach fruits) or pre-veraison (for grape) developmental stage,
which was set to 1.
3. Results and discussion
RNA isolation is often the main obstacle to accurately
studying gene expression during fruit development and
ripening. This problem is caused by the biochemical changes
in metabolite concentrations that occur during these processes,
which can affect both the yield and quality of isolated RNA.
We have developed an improved RNA isolation protocol
that can be used on a wide variety of fruits that are rich in
polysaccharides, polyphenolic compounds and oil, substances
that interfere with most other RNA extraction procedures. To
test this protocol, total RNA was isolated from the pulp of
peach, grape, avocado and cherimoya fruits, which are known
to contain high levels of polysaccharides, polyphenolic com-
pounds and oil (Assis et al., 2001; Djami-Tchatchou and
Straker, 2011; Gil et al., 2002; Hu et al., 2002). Our improved
protocol is based on the hot borate method described by Wan
and Wilkins (1994) with several significant modifications. For
instance, polyethylene glycol (PEG) (20,000 MW) was used in
Table 2
Maturity parameters of avocado, cherimoya, grape and peach at different
developmental stages.
Plant Developmental stage Firmness (N) TSS a (%) Oil content (%)
Avocado Unripe 196.2 – 14.2
Ripe 6.3 – 14.2
Cherimoya Unripe 156.8 2.0 –
Ripe 6.4 4.0 –
Grape Pre-veraison 748.6 b 15.1 –
Post-veraison 182.8 b 19.7 –
Peach Unripe 166.4 13.3 –
Ripe 21.0 12.9 –
a TSS total soluble solids.
b Flesh firmness of berries from grape is expressed in g mm−1.
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remove phenolic compounds from peach, cherimoya and
avocado fruit pulp. To isolate RNA from grape berries, PVP
(360,000 MW) was used to efficiently remove tannins, binding
the free hydroxyl groups in these compounds and thus preventing
their oxidation and the formation of high-molecular weight
complexes with RNA (Iandolino et al., 2004). Instead of
dithiothreitol, the strong reductant β-mercaptoethanol was used
to denature ribonucleases and other contaminating proteins that
are released during tissue disruption and homogenization,
eliminating the need for proteinase K treatment during tissue
extraction. A mixture of chloroform:isoamyl alcohol (1:1) was
used to remove residual protein and DNA left after LiClTable 3
Spectrophotometric determinations of yield and quality of total RNA isolated by dif
Method Plant Developmental sta
The improved protocol Avocado Unripe
Ripe
Cherimoya Unripe
Ripe
Grape Pre-veraison
Post-veraison
Peach Unripe
Ripe
Hot borate (Wan and Wilkins, 1994) Avocado Unripe
Ripe
Cherimoya Unripe
Ripe
Grape Pre-veraison
Post-veraison
Peach Unripe
Ripe
CTAB (Chang et al., 1993) Avocado Unripe
Ripe
Cherimoya Unripe
Ripe
Grape Pre-veraison
Post-veraison
Peach Unripe
Ripe
a Results represent the mean±standard deviation of three samples.
b FW fresh weight.precipitation. The addition of 3 M sodium acetate in this step
adjusted the pH range to 5–6, allowing residual DNA to remain
in the organic phase while RNA was retained in the aqueous
phase, improving RNA yield. Finally, RNA precipitation after
extraction was carried out using isopropanol with 3 M sodium
acetate instead of ethanol.
For all fruit species, two different developmental or ripening
stages were considered. These stages were determined by
analyzing changes in pulp firmness and TSS content. As shown
in Table 2, there was a significant loss of fruit firmness during
ripening required to reach a ready to eat stage. Loss of firmness
is mainly a consequence of progressive cell wall modifications
which generally include de-esterification and depolymerization,
that lead to an extensive loss of neutral sugars and galacturonic
acid, followed by solubilization of oligosaccharides and the
remaining sugar residues (Li et al., 2010). Regarding to TSS
levels, increases were observed during ripening and develop-
ment for cherimoya, and grape. For grape samples, these
changes were due to sugar translocation in the plant during fruit
development. For cherimoya, the increase in sugar is caused by
starch degradation during ripening (Lahoz et al., 1993). An
important difference between avocado and the other fruits
analyzed here is its high oil content (14.2%), which consists
mainly of monounsaturated and polyunsaturated fatty acids
known to interfere directly with nucleic acid extraction (Sangha
et al., 2010).
To determine the reproducibility and efficiency of the RNA
isolation, our method was compared in terms of quantity, quality,ferent extraction methods.
ge Absorbance ratio a RNA yield μg g−1 FW a,b
A260/A230 A260/A280
2.62±0.16 2.00±0.03 190.13±49.31
2.42±0.13 1.98±0.05 174.67±53.99
2.52±0.18 1.91±0.05 48.53±16.73
2.48±0.31 1.84±0.02 116.33±23.22
1.93±0.07 2.17±0.02 34.50±3.45
1.83±0.14 2.19±0.02 12.03±0.75
1.85±0.25 1.88±0.16 3.70±0.87
1.92±0.17 1.98±0.03 6.23±1.00
3.25±0.35 1.70±0.02 1.00±0.40
3.07±0.34 1.74±0.06 1.27±0.90
2.40±0.11 1.59±0.03 42.40±14.00
1.64±0.31 1.48±0.07 8.87±2.70
2.40±0.24 1.68±0.04 1.47±0.40
2.58±0.08 1.81±0.09 4.83±1.63
2.72±0.08 1.78±0.03 3.33±1.31
3.30±0.49 1.73±0.04 1.50±0.52
2.08±0.07 2.13±0.02 7.95±0.26
2.13±0.12 2.19±0.09 12.60±2.80
2.23±0.17 2.18±0.10 8.55±2.63
2.36±0.23 2.30±0.27 10.65±4.43
2.74±0.08 2.00±0.11 1.50±0.40
3.09±0.23 1.95±0.03 1.35±0.15
2.32±0.18 2.09±0.12 5.20±4.39
2.15±0.17 1.97±0.03 1.35±0.30
Fig. 1. Agarose gel electrophoresis of total RNA isolated from (1) unripe
and (2) ripe avocado, (3) unripe and (4) ripe cherimoya, (5) pre-veraison
and (6) post-veraison grape, (7) unripe and (8) ripe peach, using different
RNA isolation methods: (A) the protocol described in this report, (B) Wan
and Wilkins, 1994 and (C) Chang et al., 1993.
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borate method in which our protocol is based on, and a widely
used CTAB protocol (Chang et al., 1993). The A260/230 ratios
were similar among the different methods, as presented in
Table 3. The A260/A230 ratios for all the RNA samples isolated
by our protocol were higher than 1.8, which indicate that total
RNA obtained was highly pure and without polyphenol and
polysaccharide contamination. Similarly, the A260/A280 ratios
varied between 1.84 and 2.19 for nearly all the samples,
indicating a lack of protein contamination (Table 3). In contrast,
RNA isolated by the hot borate method showed significantly
more protein contamination, as indicated by the lower A260/280
ratios. The CTAB method resulted in high quality RNA with
A260/280 values in the range 1.95–2.30. However, the RNA
yields from this protocol were far less and ranged from 1.35 to
12.60 μg g−1 FW (Table 3). Our protocol gave the highest RNA
yield for avocado, cherimoya and grape, and it was significantly
reduced when the original hot borate method was used (Table 3).
These results suggest that the yield and quality of RNA was
improved significantly by the modifications we made to the
original hot borate method.
The amount of RNA extracted by our protocol varied
considerably between the different fruit species and developmen-
tal stages (Table 3). Avocado yielded the highest amount of total
RNA isolated from both stages (174.67–190.13 μg g−1 FW),
which is likely explained by the exceptional mode of growth of
the avocado fruit, during which cell division occurs throughout a
relatively long development period, diminishing in rate as the fruit
reaches maturity. This is in contrast to the development of most
fleshy fruits, in which cell division takes place during a short
period before and after fruit set, followed by an extended phase of
cell expansion (Dahan et al., 2010). This limits the yield of RNA
as consequence of the reduced cell number per gram of tissue.
Grape berries from both developmental stages gave a moderate
yield of total RNA (12.03–34.50 μg g−1 FW). Similar yields
have been reported for grape berries cv. ‘Thompson Seedless’
using methods designed to isolate RNA from tissues rich in
phenolics (Louime et al., 2008). Peaches from both ripening stages
yielded the lowest amount of total RNA (3.70–6.23 μg g−1 FW)
of all samples. Interestingly, mean yield for peach was not
significantly different among all methods tested.
The differences observed in the average RNA yields between
the different developmental stages are consequence of molecular,
biochemical and physiological changes that occur during the
ripening process (Li et al., 2010). In grape berries, the RNA yield
from post-veraison samples was consistently less than that
obtained from pre-veraison samples. Similar decreases in total
RNA content over the course of grape berry development have
been reported, which could be due to the accumulation of
polysaccharide compounds, polyphenolics (Reid et al., 2006)
and water during the post-veraison stage, and the fact that most
cell division occurs during early stages of berry development
(Iandolino et al., 2004).
This improved RNA isolation method also produced
high-quality RNA, as visualized on a denaturing agarose gel
(Fig. 1A). Two sharp and well-resolved ribosomal bands
corresponding to the 28S and 18S rRNAs were observed withlittle smearing, indicating that the RNA samples isolated from
the different fruits and developmental stages were not degraded.
In contrast, the other methods tested did not yield a high quality
RNA as indicated by the degradation of 28S and 18S rRNA for
nearly all the fruit samples (Fig. 1B, C). Taken together, these
data show that our protocol performs well on all fruit samples
tested with better results than other conventional methods of
RNA isolation.
RT-PCR can be used to test RNA quality because these
reactions are highly sensitive to the presence of polymerase
inhibitors or degradation of the RNA templates. Therefore, as
a means to validate the quality of the RNA samples obtained
by our protocol, RT-PCR was performed to amplify two
commonly used endogenous control genes, using specific
primers (Table 1) for 26S ribosomal in peach and actin in
avocado, grape and cherimoya, at both developmental stages.
The RT-PCR yielded a single band of the expected size for all
fruits and developmental stages tested (Fig. 2), indicating that
the isolated RNA was transcriptionally competent and thus is
likely suitable for most downstream applications.
In addition to RT-PCR, RNA quality was further assessed
by the analysis of transcript levels, where the expression of
ripening-regulated genes encoding polygalacturonase (PG) (in
Fig. 2. RT-PCR analysis of actin gene in (1) unripe and (2) ripe avocado,
(3) unripe and (4) ripe cherimoya, (5) pre-veraison and (6) post-veraison
grape, 26S ribosomal (26S) gene in (7) unripe and (8) ripe peach.
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cherimoya) was analyzed by qPCR. Previous molecular
analyses have reported an increase in expression levels of PG
in avocado and other fruits during ripening (Speirs and Brady,
1991). The results of our qPCR analyses confirmed this, as we
saw that expression of the PG gene in peach, avocado and
grape was strongly up-regulated during the process of ripening
(Fig. 3). Similar results were obtained in avocado and grape by
Northern blot analysis — PG mRNA was detected after
veraison in grape berry samples and 24 h after harvest in
avocado samples; PG mRNA was not detected before these
points (Nunan et al., 2001; Starrett and Laties, 1993). In peach
cv. ‘Bolero’, previous expression analyses by Northern blot
showed that endo-PG transcript levels tended to be markedly
increased with flesh softening (Morgutti et al., 2006).
The ripening-associated softening of many types of fruit is
often accompanied by an extensive hydrolysis of cell wall
pectins catalyzed by polygalacturonases (Chitarra et al., 1989).
It has been suggested that other cell wall-degrading enzymes,Fig. 3. Expression analysis of polygalacturonase gene in grape (VvPG), peach (PpPG
developmental stages.such as rhamnogalacturonase (RG), may also contribute to
cell wall depolymerization during fruit softening (Lang and
Dörnenburg, 2000). In cherimoya, the relative expression level
of the gene encoding RG increased substantially at ripe stage,
compared with a low level of expression in unripe fruit (Fig. 3).
Therefore, the results of our gene expression analyses
confirmed that PG and RG transcript levels are induced by fruit
softening. Melting curve analyses were also performed to
identify the presence of any nonspecific products amplified
from cDNA templates. The melting curves all contained only
single melting peaks (data not shown), indicating the absence
of nonspecific products amplified from contaminants such as
gDNA. This was confirmed performing qPCR analyses of PG
and RG on the purified RNA that was not reverse transcribed
(non-RT control). No PCR products were generated when
non-RT controls were used as templates, indicating that our
protocol was able to isolate total RNA that is free of gDNA
contamination, eliminating the need for DNAse treatment.
Finally, the consistency of the results obtained from indepen-
dent biological replicates confirmed the reproducibility of this
improved method.
In conclusion, the protocol described in this report is capable
of isolating RNA of high quantity and quality that is suitable for
use in downstream transcriptional analyses. This was confirmed
by the analysis of gene expression levels in several fruits at
different developmental stages, all of which contained high
concentrations of compounds that normally interfere with
RNA isolation methods. Thus, this single protocol could be
routinely used in laboratories that need to isolate RNA from
different fruit species, thereby greatly reducing labor time and
costs without compromising the quality and yield of RNA
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